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SUMMARY OF THE PROPOSAL

This proposed experiment is the first measurement of the lifetime of hyperfine excited
state in muonic hydrogen atom. The experiment is one of the essential steps towards
a new precision measurement of the proton radius via a laser spectroscopy of the
muonic hydrogen ground-state hyperfine splitting (HFS). Even the proton radius is
one of the most fundamental observables in sub-atomic physics, there is a significant
inconsistency between the independent experimental results. This unsolved problem is
so called ”proton radius puzzle”.

The muonic hydrogen HFS is the most suitable observable to extract the proton
Zemach radius which is defined as a convolution of the charge distribution with the
magnetic moment distribution. One of the obstacles to perform a spectroscopy of
muonic hydrogen is the short lifetime of the HF'S triplet state which is excited by a laser
light. The de-excitation is induced by a three-body inelastic scattering up(F = 1)+p —
up(F = 0) + p where F' is the total angular momentum of a muonic hydrogen. On the
lifetime of the HF'S triplet state in muonic hydrogen, only theoretical predictions are
known and no measurement had been performed because of experimental difficulties.
The proposed experiment aims to measure the lifetime with the relative uncertainty of
5 % as a function of the hydrogen gas density.

The proposed experiment is a muon spin rotation measurement with a low density
hydrogen gas target. The Larmor frequencies of the muon spin in a muonic atom
depend on its HF'S state and nuclear spin. Therefore, the lifetime of the HFS triplet
state can be extracted from an asymmetric muon-decay-electron time spectrum. The
proposed experiment is a pioneering experiment as a muon spin spectroscopy with a
negative muon and a low density gas target. This is not only a preliminary experiment
for a muonic hydrogen spectroscopy but also an independent study which provides a
systematic understanding of a fundamental spin-dependent three-body interaction in

a muonic system.



